
SYNTHESIS OF FUNCTIONALIZED PENICILLINS AND 
CEPHALOSPORINS BY PHOTO-INITIATED BROMINATION 

A NOVEL ROUTE TO AMPICILLIN AND CEPHALEXIN FROM 
PENICILLIN G 

J. Cowtst. D. C. HI:MBER,* B. I.AUNDON, A. G. Lo~sa and A. L. LY~I) 
Chcmicnl Research Department. Glaxo Group Research Ltd.. <irccnford. Middlesex. England 

Alma Photoinitiatod brominotion of the ISoxrdecstcr P.avarlable m IWO stages from pcnrallrn G 6. gave 
the diastermmcnc bromrdcs 103 and lob Both ~somcrs have ban utilizai In further transformalions lo give 

the cstabhshcd ant!biotin ampicilhn 7 and oephalexin 8. 

In an earlier paper’ we dcscribcd the photo-initiated 
bromination of 2.2,2-ttichlorocthyl (1s. 6R, 7R)-7- 
phcnylaatamido - 3 - mcthylccph - 3 - cm - 4 - 
carboxylate. I -oxrde I to give the allylic bromides 2 and 
3. Also isolated were small amounts (c 5%) of the 
products 4 and 5 (as co 1: 1 mixtures of diastercomcrs) 
resulting from attack at the bcnrylic 2’position of the 
phenylacetamido side chain. This suggested possible 
stcreocontrolkd routes to importanl 2’-substituted 
antibiotics such as ampicillin 7’ and cephalcxin 8’.’ 
from readily availabk penicillin G 6 by procedures 
avoiding side chain removal and rcacylation. 

Photo-initiated bromination of the IS-oxide ester 9 
(available in two steps from penicillin G 6’) with 1,3- 
dibromo-5,5-dimcthylhydantoin (1.0 equiv.) in l,2- 
dichlorocthanc at - 12” gave a 76% yield of a 3: 2 
mixture of diastcreomers 101 and lob and .somc 
unrcactcd 9 ( 14%). Marc cxtensivc chromatography of 
the product ofasimilar reaction using 1.2cquivalentsof 
brominating agent gave 237; of the less polar isomer 
lob. shown by subsequent transformations (tide infia) 
to possess a Z’Sconfiguration, lq,, of a mixture of 
isomers and 13”; of the more polar isomer IOa. The IWO 
isomers could be distinguished by their ‘H-NMR 
spectra in dcuteriochloroform. in particular the 
sharp singlets attributed to the bcnzylic proton wcrc 
quite distinct: 65.41 for lob and 5.48 for IOa. The 
diastereomeric excess (de)’ of a particular isomer in a 
mixture could bc estimated from its ‘H-NMR 
spectrum or by comparing its optical rotation with the 
[z]n values obtained for the pure isomers. 

Fractional crystallization of crude bromination 
products typically gave 30 35% of each diastercomer 
with de values in the range 60 957,. Any starting ester 9 
crystal&d mainly with the Z’S-isomer lob. increased 
amounts of brominating agent kd to rcduccd amounts 
of unchanged 9 but also to more decomposition and 
lower recoverrcs of the two isomers. This latter 
tendency could be lessened by adding some propyknc 
oxide to the reaction mixture as an acid scavenger. 

Equilibratron of each diastermmer occurred with 
lithium bromide in N,N-dimethylacctamidc (DMA). 
By utilidng lithium bromide and a small amount of 
DMA rn chloroform ethanol (1 : I) it proved possible 
to convert, over a prolongcd period and in good yield. 
the 2’Sisomer 10) (de 6W;) to crystalline Z’R-isomer 
1Oa (de > 95:;). We were not able to cffcct the 

potentially more u.&ful (ride i&a) 101 to 1Oh 
transformation. 

Displacement of the Br atom of lOa and lob with 
azidc Ion [NaN, in N,N-dimcthyiformamidc (DMF)] 
proceeded presumably with inversion of configuration 
for the bromide lob. [xl,+ 191”. gave an azidc 110, 
[zlo+ W’, and the bromide lOa, [1],+97”. gave an 
azidc 1 lb, [z]n + 248-. The tide isomers could be 
distinguished by TLC but not by ‘H-NMR. It was not 
possible to interconvert either isomer. e.g. with base. 
Reaction of 2’Sbromide It& de 70”/, obtained by 
fractional crystallization. under similar conditions 
gave crystalline Z’R-tidc I la in 7592 yield also with a 
de of 70”/,. 

An attempt was made to use the unwanted Z’R- 

bromide diastcrcomcr 101 by adopting a double 
inversion scquena. Reaction of loI, de 6OY,. with an 
equivalent of potassium iodide in DMF followed by 
further reaction of the presumed predominantly 2’S 
iodide intermediate with sodium tide (1.1 quiv) gave 
the Z’R-aride 1 la in 47ya yield, de 54%. 

Reduction of the Z’R-azide llr with stannous 
chloridcin2N HCI-DMFgavcthccorrcsponding2’R- 
amine 12a in 66% yield. It was also possible to use 
optically impure 1 la in this step as any 2’Samine 12b 
formed did not co-crystallize with It. For example, 
1 la de 700/ provided optically pure 12a in 53% yield. 
Reaction of lb with trichlorocthoxycarbonyl chloride 
in the prcscna of base gave the diprotcctcd dcrivativc 
13(86’?, yield, [z]n + W”). identical with a sampk of 13 
([z]o + 95’) prepared by a patcntcd procedureQ 
involvmg acylation of 6aminopcnicillanic acid with a 
mixed anhydride of D-z-phenyl-N-(2.2,2-trichloro- 
cthoxycarbonyl)gfyanc’ followed by oxidatron and 
csterificatton. The identity of the two samples 
confirmed the assigned stereochemistry at the 2’- 
position for compounds IO 12. 

Reduction of the sulphoxrde 13 with potassium 
iodide-acctyl chloride’ in DMF gave the corrcspond- 
ingsulphidein 8l”/;yield. Removal oftheater function 
from 14 was achieved usmg Zn dust in aqueous aatic 
acid.” Purification by ion-exchange chromatography 
gaveampicillin7isolatcdasitscrystallinenaphthalene- 
2-sulphonate salt’ in 40% yield. 

A moredirect route to ampicillin 7 was accomplished 
as follows : reduction of the azide sulphoxide 1 la with 
KI-A&I in DMF gave the tide sulphide 15 in 7906 
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yield. Concomitant reduct’on of the tide function and 
de-esterification with Zn in aqueous aatic acid, using 
the procedure described previously for 14. gave 
ampicillin 7 as its naphthalcnc-2-sulphonatc salt in 
W, yield. A disadvantage of this route was that it did 
notgivc thcopportunityofrtmovinganydiastcromcric 
impurity as did the longer route proceeding rio the 

amine 121. 

corn lcmcnt other procedures for obtaining ampicillin 
I’.’ P and aphalexin 8.‘.‘.“’ 

EXPERIMENTAL 

Morin cr 01.” have described the acid-catalyscd 
ring expansion of penicillin sulphoxidc esters to 3- 
deaatonycephalosporins. Rearrangement of the sul- 
phoxide axidc 1 la under modified conditions. IV: using 
dichloromcthancphosphonic acid mono-pyridinium 
salt as catalyst in refluxingdioxan and with areotropic 
removal of the water formed.” gave the 3- 
mcthylaphcm cstcr 16 in g6”,; yield. nt-esterification 
and azidc reduction of 16 with Zn in VOS,-formic acid 
gave aphalexin 8 isolated at its isoelectric point ‘n the 
presence of acc~onitrile4~‘z (S6u/, yield, corrcctcd). 

Unless sretd olhcrwlsc rhc following produrcs were 
adopted. M.ps wcnobtaincd on a Koflcr Mlcroblak and are 
uncorrected. Optical rolalions wcrc measured at 20 30‘ in 
CHCI, soln at 0.8 1.25, concentration. IR spectra were 
recorded in CHRr, soln on either a Perkin-Elmer model 21 or 
S21. ‘H-NMR spxtra were obtained on 5, lo”, solns in 
(‘Ml, on a Varian A60 (60 MHz) or a Varian HA 100 (100 
MH7). Coupllngconslanlsarrquoral in Hr’lhe Ilanona Hg 
arc was placed m a Pyrex lube with iIs own cooling jacket. 
restrictmg the light IO 2 300 nm. Sobs wcredned over MgSO, 
before evaporation in mcuo usmg a rotary evaporator. 

Thcsc transformations extend the utiliry of the 
photo-initiated bromination reaction for preparing 
functionaliscd /I-lactam antibiotics’*“.” and also 

lsolafion of rhe products hp chromatwaphy A soln Bf 9’ 
(12.04g.25mmol)in 12_dichloroc~hanc(400ml)wass~~ncdal 
- IS’ under dry N, with DRDMH (4.3 & IS mmol) and 



Synthesis of functionabzcd penicillins and cepbalosporins by photo-imtiated brormnation 4155 

CWH 
‘i 
S Hy x-y N ‘I, 

0 ‘8 

H 
‘CO,CH~CCI, 

101 x = Br 

lla X -NJ 
121 X-NH, 

13 Y - NHCO,CIi,Ct I, 

Mb X=Hr 

Ilb X -N, 
l2b X - NM2 

14 X - S)tCO,CH,C(‘I, 

1s X-N, 

Scheme 2 

CO,CH,(.Cl, 

16 

illuminated for 1.5 hr with a Hanovia 125W medium pressure 
Hgarc,thctempbcingkept at - 20 throughout.Tbcsoln was 
washed with water (2x 100 ml. the first containing some 
Na,S,O,) dried and evaporated The residual loam was 
chromatographcd on Kicscigcl G (400 @. Elution with 
bmrene ErOAc (6: I followal by 2: I) gave first 2.22 - 
frichlcnnnhy~(lS.3S.SR.6R.2’S) - 6 - (2’ - horn - 2’ - 
phenylacetamido - 2.2 . dimethplpenom - 3 - carhnxy1~1r.l - 
oxide lob(3.3Og. 23.9;) whichcrystalbzed from hot I’tOH (40 
ml) as white prisms (2.27 gh m.p. I21 123’. [z]~+ 191’. v_, 
339O(NHh 17%(azetidin-2-one) 1763(COIRL 1676and ISlO 
(CONH) and 103R (S ‘*(I) cm-‘; dl.30; I.8O(s; Mc,).4.67. 
5.00 (ABq. J12. CH,CCI,). 4.83 (s. <:,-H). 5.10 (d. JS; 
C:,-H), 5.41 (s; Z’S-HA 6.OO(dd, J5. 10: C,-H). 7.3, 7.6(m; 
Ph).R.lO(d.J10:NH)[Found:~.38.6;H.3.2;N.5.0;S.5.Y; 
total halogen content 3.9Og atom.‘mot C,,H,.BrCl,NzO,S 
(560.7) quira C’, 38.6; H. 3.2; N. S.0; S, 5.7; total halogen 
content4.00gatom:mol] .followed hyamixed fractlon( 1.42~. 
10.lO~) and then by 2,22-rrichlorcwrh!I( IS.3S.SR.6R.Z’R) - 6 - 
(2’ - hromrl - 2’ - phenykocerumido) - 2.2 . dimerhylpnum - 3 . 
corhxyhr. I-oxtde 1Oa (1.76 g_ 12.6:,;) which crystallubd 
from hot EtOH(2Oml)as whiteprisms( l.ZBg).m.p. 126,129‘. 

[l]D + 97’. VII* 3380 (NH). I808 (aactidin-2+nc), 1770 
(CO,R). 16L12 and IS20 (C‘ONH) and IO40 (S + 0) cm ’ ; 
61.32. I.Wt (s; Mc,),4.68, S.O4(ABq. Jt2;CH,CCl,).4.83(~; 
C,-H). S.OY(d. JS : C, -H),5.48(s:2’R-H).604(dd.J5. IO; 
C,-H).7.~7.6(m;Ph).8.20(d.J10;NH)~FoundC,38.8:H, 
3.2; N. 5.0; S. S.fq;; total halogen content 3.90 g atom:molJ. 

Isolarirm o/rk podurs byfroctimo~ aysokorion. A sohI 
of 9’ (24.06 g. SO mmol) In 1.2dlchloroethanc (800 ml) was 
stir&at - 15’undcrdryN,withpropykneoxidc(2Oml)and 

DBDMH (12.55 & 43.7 mmol) was irradlatcd as described 
above to give. after a Similar work-up, a crude product wluch 
crystallized from hot EtOH (100 ml) to give a mixture of 101 
and lob (20.80 g. 74.2%). [z]“+ 1%‘. A portion (10.0 g) in 
CHCl,,-I:tOH (I : I. 140 ml) was sozdcd with pure ltb and 
stored at - I5 for 3 days. The crystals were collected, washed 
withcvld EtOH( lOml)tog~ve lh(4.17g 3 1.@,/,). [z]o t I II’ 
(de’ 70”;). The filtrate and washings wcreevaporatal and the 
residue crystal&d from EtOH (140 ml) to give M(4.27 g. 
3l.P/,), [z]~,+ IX8 (de’94”,). 

Concerslon qf lob IO 101 by equrlibra~ion crysrolltrotion. A 
solnofI~(l.Og)andL~Br(l.Og)inCHCl, EtOH(l:l.40 
ml)contammg N,Ndlmcthylacztamide(O.S ml) wasa~led lo 
0’ and sccdcd with I(h. After 6days the crystals were colkctcd 
to gvc dmstcrcomcrically pure 1Oa (700 mg). [I lo + Y7.5 

2,2.2-TrichloroerhyI( IS.3S.SR,6R,2’Rb6-(Z’-azido-2’- 
phnyllr~~o~22-dimPrhylpcMm-3~orhnxyfu1e. 
I-oxi& II8 

Preporatwn 4 oprically pure duwere-. A wln of 
opticallypure Iob(s61 rn& 1 mmol)mDMF(lOml)wasst~rred 
withNaN,(195mg.3mmol)for3Ominthmdilutaiw~thwater 
(20 ml) and cxtractdd with EtOAc (2 x 10 ml). The combined 
extracts were wasbed with water (IO ml) and NaClaq (IO ml) 
then dried and evaporated to give a white foam (533 mg). This 
was purifiai by prep TLC on silica gel. elutmg with benzn+ 
EtOAc (6: I) to @c a white foam (405 mg) which crystallized 
from EtOH (IO ml) to give I Ia as white crystals003 mg SRo/,), 
m.p. 100~101”. [a],+ 54’. V_ 3380 (NH). 2130 (N,). 1802 
(azztidin-2-A 1768 (CO,R). 1694 md 1516 (CONH) and 
1042(S +O)cm-‘~61.31; 1.80(s;Me,~4.64.5.02(ABq.J12; 
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CH,CCl,). 4.X1 (8: C,-H). 5.07 (d, J5; C,-H), 5.09 (s; 
Z’R-HI. 6.02 (dd. J5. IO; C,-H). 7.41 (s; Ph). 8.03 (d. JIO; 
NH) [Found: C. 41.4; H. 3.5; N. 13.65; S. 6.3; Cl, 20.2. 
<‘,.H,~CI,N,O,S(5228)requ~rcs<‘.41.4;H.3.5;N.l35;S. 
6.1 ; Cl. 20.3’,]. 

Preparurion by a/rocrronal cr~sraibrarion roure. A soln of 
IO)(de 7@:) (3.36 g. 6 mmol) in DMF (60ml) was stirred with 
NaN,(l.l7g18mmol)for.3Omin1henworkaiupasabovcto 
give a white foam (3.25 g). Tlus rzystallizzd from EIOH (9Oml) 
ovcr2daysat - I5 toafford IIaaswhitcaystals(2.37g.75%~ 
m.p. W-92”. [z]o + 84 (de 7@‘,). 

i’repararion byadouhle inrersionprocedwr. As& of I& (de 

600/,) 3.82 & 10.4 mmol) m DMF (i 16 ml) was added over 30 
mm to a solurron of KI (1.72 IL 10.4 mmol) in DMF (58 ml) -. 
while protecting the reaction from hgh~.Thc resulting solul,on 
was stirred for 30 mm then NaN, (742 mg. Il.4 mmol) was 
added. Afrcr a further XI min the reactIon was worked up as 
prev~ouslytogivca pale yellow foam(4.X9g)whichcryz~allircd 
from hot EtOH(70ml)toallord 111(2_57g,47”/,).[a],+ 103 
(de 54’,;). 

2.22-TiichloroerhyI( I S.3S.SR.6R,Z’S)-6-(~-azid~~2’- 
phenyloceramido)-U-d~nurhylpzrwm-3-cclrhoxylole. 
I-oxide Ilb 

A soln of optically pure lth (561 mg, I mmol) m DMF (IO 
ml) was treated with NaN, (195 mg. 3 mmol) as dcscnbal 
above for the 2’Sisomer IO give a white foam (550 mg). This 
was purifd by prep TLC as prcvlously to give a white foam 
(403 mg) which crystalli& from aqueous EtOH (co IO ml) IO 
give whiteprisms(l83mg. 35xJ.m.p. 78 W.[zJo + 266. v,, 
3400 (NH). 2130 IN,). lg.02 (azetidin-2-oneL 1768 (COIR). 
1692 and ISIZ(CONH)and lWO(S +O)an-‘; 61.32 and 
I.81 (s; Me,). 4.67 and 5.03 (AR-q. J12; CH,CCl,), 4.82 (s. 
<:,-HI. 5.04 (d. J5; C,-H). 5.OY (s, 2X-H). 6.00 (dd. J5. 10; 
C,-H).7.42(s;Ph~g.02(d.JIO;NH)~Found:C.41.7;l1.3.5; 
N. 13.4;S.6.2;Cl,2O.0.C,,H,,Cl,N,O,S(522.8)rcquircs:C, 
41.4; H, 3 5; N. 13.5 S.6.1 ;Cl, 20.3~_].Theliquors provided a 
funher crop of sirmlar material (M mg. 16%). m.p. 72 79’. 
upon standing. 

L2.2-‘I’richlotwrhyl( lS.3S.5R.6R.2’R~6-(2*-amino-2’- 
pluny~eromrdo)-L2dtmprhyl~Mm-3-cmhuxylure. 

l-oxide 12a 
SnCl,dlhydratc( 113m~0.5mmol)then 2N HCl(3ml)werc 

addcdtoastirralsolnoflI8(104m~0.2mmol)inDMF(7ml). 
After 2 h the soln was diluted with 1 N HCl(l4 ml) and washed 
with EtOAc (2 Y 7 ml). The aq portIon was adjusted IO pH 7 
with satd NaHCO,aq and extracted with ErOAc (2 x IO ml). 
The combmcd extracts were washed with NaClaq (IO ml). 
dried and concentrated to co 3 ml whereupon It was 
deposttcd as white crystals (66 mg. 667-L. m.p. 167-U’. [sJo 
+126. vy, 3X1&3250 (NH, + CONH), 1790 (aztidin-2- 

one). 1760 (<‘O,R). 1670. Iso0 (CONHI. and 1040 cm ’ 
(S + 0). dl.30. I 78 (s; MC,). 1.84 (s; NH,). 4.55 (s. 2’R-HL 
4.67. 5.02 (ALa. Jl2: (‘H,(‘Cl,L 4.80 (s; C,-HI. 5.05 

(d.Jj;C,-HI.6:00(dd.J5. iO.C;-H). 7.36(s; Fh).gX(d. 
JIO. NH) [Found: C. 43.2; H. 4.2; Cl, 20.65, N. 8.2; 
S. 6.2. C,,H,,Cl,N,O,S (4W.8) rcqulrcs <‘. 43.5; H. 4.05; ._ _- _ _ 
Cl. 21.4; N. 8.5; S, 6.5’.]. 

In sinular fashion I Ia(lzln+g4 ,de70”/.)(523 mg. I mmol) ._ __ 
was converted IO It (263 mg 53’,). [z],; I25 _ 

IJsmg an Identical procedure the 2’S-adde I Ib(2On mg.O.4 

mmol) was Irdnsformcd to 2,2,2 - rrichkoroerhyl 
(lS.3S.SR.6R.Z’S) - 6 - (2’ - amino - 2’ - phenyloceramtdo) - 
2.2 dimerhvlrwnam - 3 - carboxvlarc. I-ortde 12b 

& a while ‘&d (113 mg. 57”/,), [r],+2!2’. v,, 
345@ 3200 (NH, +CONH). 17% (azztidin-2-one). 1764 
(COIR). 1680. ISOO(CDNH)and 104O(S-O)cm-‘;61.30, 
1.81(s;Mc,).2.10(s;NH,).4.61(s;2’S-H).4.67.5.01 (ABq. 
JI2;CH,CCl,),4.82(s;C,-H).5.OO(d,J5;C,-H).5.98(dd. 
J5. lO;C.-H).7.3 7.6(m;Ph),g.76(d.JlO;NH)[Found.<‘. 
44.0;H.4.0;<:1.19.95;N.8.2;S.65.C,,H,,<1,N,O,S(4%.8) 
requires C. 43.5: H. 4.0; Cl. 20.4; N. 8.5; S. 6.5”/.J. 

U2-Trtrhlororrhy~IS.3S.5R.6R.2’R~~Y-phenyl-2’- 
[222-rrichlorcKthoxyc~~nyi~na]~er~~~~~2.2- 

dimPrhy/~-3-carhoxylare, l-oxide I3 
22.2-Trichlorocthylchloroformate (0 I25 ml, 0.92 mmol) 

and NF.1 3 (0.13 ml. 0 92 mmol) wcrc added IO a sllrrcd soln of 
l2a(4Ig.5mg.0.g4mmol)in<‘H,Cl,(6ml).After2hrthesoln 
was washed with 2 N HCl. satd NaHCO,aq and water (6 ml 
each) then dried and evaporated IO give a white foam (566 mg) 
wluch crystallized from ether rsopropanol (I :4) IO grve I3 
as white needles (4(16 mg. K6”,), m.p. 176175’ Ilit’ m.p. 
185 186 ]. [r]o + 95‘ [a sample of 13 prcparcd accordmg to 
the hteraturc prcrcdure’ had m.p. 172 173”. [2],+95’]. 
v_ 3370 INI<). 17% (azctdin-2&e), 1760 (COIR). l73& 
1506 (NHCO,R), 16W. 1510 (CONH) and 1040 (S + 0) 
cm ‘! 61.24.- i.73 (s; MC,). 4.65, 5.00 (A&q, Jl?: 
C,-CO,CH,CCI,). 4.71 (s; NHCOICHICCi,), 4.76 (s; 
C,-HL4.%(d,JS;C,-IO.5 .M(d.J6;2’R-H),6.02(dd.JS. 
IO;C.-H).6.39(d.J6; NHCOzR). 7.40(s. Ph); 7.55(d. JIO; 
<‘ON~O~Found:C.37.6;H.3.4:~1.H).g5:N.6.1;S.5.l.~‘alc 
for C~,H~,Cl,N,O~S (672.2) <‘. 37.5; H. 3.15: Cl. 31.6; N. 
6.2s; S. 4.8”.]. 

KI (I.2 g) and A&l (0.2 ml) were added IO a ~rrcd soln 13 
(269 mg. 04 mmol) m DMF (4 ml) at 0‘. The mixrure was 
stirred at 5’ for I hr then diluted with Na,S,O,aq (8 ml) and 
extracted with EtOAc (2 x 4 ml). The combined extraQs were 
successively washed with water.satd NaH<‘O,aqand NaClaq 
(4 ml each) then dried and evaporated IO a white foam which 
crystalhzcd from pcrrokum ether (b.p. 60 80 ) IO give I4 
as prisms (212 mg, Xl’,) solvatcd with DMF’ (O.SM). m.p. 
79 X3’. [2],+70, v, 33Ro (NH). 1780 (azz’rt,dm-2-onc). 
1760 (COzR). 1730. 1300 (NH<‘O,RJ. 1690 and 1510 
(CONH) cm ‘; 51.51. 1.56 (s: Me*); 4.53 (s; <‘,-H). 
4.70 (s; NH<Y),C&CCl,); 4.70 and 4.X4 (ABq. J12; 
C,--<:O,(‘H,CCI,). 5.33 (d. J7,2’R-it). S.W(d. J4;C,-H). 
5.66 (dd. J4. 9. C,-H). 6.41 (d. J7; NHCO~R). 6.75 (d. J9; 
CONH). 7.3X (s; Ph) with smgkts at 2.88 and 2.95 for DMF 
(0.5 M) [I-ound: C. 3Y.7; H. 3.7. Cl. .30.6: N. 6.4: S. 4.9. 
C,,H,,CI,N,O,S. O*X.‘,H.NO (692.8) rcqu,res. C. 39.0: 
H.3.6;C1.30.7;N.7.1.S.46”,]. 

222-‘I’richlorwrhy~3S.5R.6R.2’R~6-(2’-4:ido-2’- 
phPnylareranudo)-~-dr~rhylpmam-3-c~cu~~,xylare IS 

KI (1 0 g) and A&l (0.5 ml) were added IO a stirred soln I la 
(523 mg. I mmol) in DMF (IO ml) at 0 The reaction was 
stirred for 1 hr at 5‘ then dllutal with Na,S,O,aq (20 ml) and 
extracted wcth litOAc(2 x 10ml).Thccombincd extracts were 
sumssively washed with water. satd NaHCOsaq and NaClaq 
(IOmlcach)thcndricdandcvaporatalrogvcafoam(Sl5mg). 
This was purified by chromatography on Kicsclgcl <i. eluting 
with bmzne EtOAc ( I2 : I ). IO give 15 as a wtutc foam (4C4I 
mg.79”,).[2],+43 .r,,3400(NH),ZIX)(N,).l782(~l,dln- 
2-one). 1766 (CO,R). 1692 and 1514 (CONH) cm ‘; 61.60, 
1.71(s;Me,~4.59(s;C,-~i).4.724.87(ARq.J12;CH,CCI,). 
5.11(s;2’R-H).5.55-5.8tl(m;C,-HandC,--il).7.16(d.Jg; 
Ir;fl).7.42(s;Ph)IFound:C.43.2;H.4.0.<’1.~).2;N. 14.1 ;S. 
6.4. C,,H,,CI,N,O.S (506.8) rqurrcs C. 42.7; H. 3.6; Cl. 
21.0. N. 13.8, S. 6 3”.]. 

(3S.SR.6R.Z’R~6_(2’-Ami~~-2’-phPn~/~er~~~~2.2- 
dinurhylpunam-3-c_cYhoxyli~ acid (Dompkillm) 7 

From rhe diprorecred deri’curtw 14. Zn dust (4.92 g) was 
addcdto astirrcdsolnof 14( 1.64g. 2.5mmol)m A&H-H,O 
(Y: I. 25 ml) LIP 10 The mix~urt was stirred for 5 min then 
fihcral and thefilrcr pad washed with A&H-H,O(9: I. IO 
ml). The combined tillrates were parsed through a column of 
DcaFuhte FF lon-exchangc rcsm (Cl- cyck. I5 ml) elulmg 
with Ac.I~l-H,O(9: l.75ml).Theclua1ewasfrazrdrieJto 
gee a wture sold which was partitioned bc~wccn 1 N HCl (I I 
ml) and ether (50 ml). The aqueous portion was cc&d IO 0 5” 
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and trcattd with a soln of sodium naphthakne-2-sulphonate 
(520 mg. 2.26 mmol) in IN HCI (IO ml) whibt maintaintng the 

pH at 1.X by adding 2 N NaOH. After 6 hr at &5’ the white 
cystals were collected. washed with water (3 ml) and EtOAc 
(6 ml) and drial to $w cnpic-l//in h$ro#en ~phthak~2- 

.~I~~KHIuI~ (5g9 mg, 4(p;). Lz]u+ 160’ (pH 7 phosphate) 
having IR and ‘H-NMR sp~ara similar to those of material 
obtained’ from authentic D-ampidllin Na salt [Found : <‘. 
53.3;H.5.I:N.?.S;S. 10.9.Calcfor<‘,,~i,,N,O.S, I*SH,O 
(Xt465):C, 53.4; II. 5.2; N. 7.3;s. ll.l”,,]. 

From rh uzide r.uet IS. A soln of IS (de 90”,) (1.27 g 2.5 
mmol)inAcOH-H,O(9: 1.25ml)at 10”wastreatcdwithZn 
dust (3.70 g) essentially as described above for I4 to gtvc 
amprciflin h$clycn ~phthakru-2-.sufphnut~ (8 I2 mg, 56’:). 
‘H-F;MR(DMSO-d,)reveakdimpuritysmgletsatSl.~and 
I.61 cnrrcspondmg to some ?‘S-isomer (cd 0.05 M). 

i’,~H,~<‘l,N,O,S(504.R)requ~rn:<’.42.~S;H.3.2;<1.~1.0; 
N. 139;S.6.3”,]. 

Asolnof 11a(l 70g. 3.25mmol)anddtchloromethancphos- 
phomc acid mono-pyridinium salt (100 mg 0.41 mmol) in 
dioran (SO ml) was heated at rcffux for IO hr. The condensed 
solvent passed through a bed of 4A molecular sieves before 
returnmg to the reaction vessel. The reaction soln was 
evaporated and the residue dlssolval in ether (50 ml) and the 
soln reqvaporatcd to give a dark foam (2.04 g). ‘111s was 
chromatographcdonKicsclgclG(5Og)u.smgbcwrncEtOAc 
(19~I)togive16acawhitcfoam(l41~86~).[~],-9.5’.~_, 
(litOH) 260 nm (c 5980): v.,,._ (nulol) 3330 (NH). 21 IO (N,L 
l76R fazctidin-2-one). 1722 (CO,R), l6UJ and I504 (CONH) 
cm ‘;d;TM(s;C,-CH,).3.23and353(ABq.Jlg;C,-H,). 
4.77and4.9g(AK<I.JIZ:CH,<‘<‘I,). 5.01 (d.J4.C‘,-H). 5.10 
(s; Z’R-H). 5.75(dd. J4.9; C-.-H-), 7.25(d. 19. NH); 7.3 7.5 
Im; t’h) IFound C. 42.7: H. 3.3: Cl. 20.1: N. 13.9. S. 6.3. 

(6R,7R.Z’R)-7~2’-Amin~~2-~nyl~~r~;do~3- 
nulh~/reph-3-~4c(v~~xy/i~ acid (D-rrphakxin) 8 

A soln of 16(1.10& 2.18 mmol)tn formtcacid(5 ml)uas 
added to a stirred mixture of Zn (3 gJ tn formic acid (2 ml). An 
lmmcdiatc c\olution of a gas oc&ncd The mixture was 
stirred at 45 for I 5 hr and filtcrcd through a mad ofCelitc.Thc 
filtrate WM pas.. through a column if &actdite FF ion- 
exchange rain (Cl cycle; 3Oml)clutcd with formic acid water 
(9 : I. I50 ml). The duate was evaporated to give a white foam 

(I 24g) which wasdissolvai m watcr(3ml~fonnicadd(O.I ml) 
and aatomtrik (IO ml). T~K pH was adjusted to 4.5 with 
triethylaminc and the reaulttng slurry refrigerated for 30 min 
andfilteraJtoaivc8solvataiwithaoztonitrikf0.4M)(444mg, 
56t;c~raz.). fi],+ 139” (~0.67; H,O); S, (H,O) 260.5 tt& 
(t 74W). wtth IR and ‘H-NMR spectra similar to those 
obtained on autkntic material. 
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